The paper is concerned with the notion of clause as a basic, minimal unit for the segmentation and processing of natural language. The first part of the paper surveys various criteria for clausehood that have been proposed in theoretical linguistics and computational linguistics, cind pro poses that a clause in English or Swedish or any other natural language can be defined in structural terms at the surface level as a regular expression of syntactic categories, equivalently, as a set of sequences of word classes, a possibility which has been explicitly denied by Harris (1968) and later transformational grammarians. The second part of the paper presents a grammar for Swedish clauses, and a newspaper text segmented into clauses by an experimental clause parser intended for a speech synthesis applicar tion. The third part o f the paper presents some phonetic data concerning the distribution of perceived pauses (Strangert and Zhi 1989, Strangert 1989) and intonation units (Huber 1988) in relation to clause units.
W hat is a Clause in Linguistic Theory?
In tr a d itio n a l g ra m m a r a cla u se is d efin e d as a u n it con sistin g o f a s u b je c t a n d a p r e d ic a te . T h e term s s u p p o s itu m a n d a p p o s itu m w ere used in sch o la stic g r a m m a r t o d e n o te th e sy n ttictic fu n c tio n s o f th ese tw o b a sic p a rts o f a cla u se.
T r a d itio n a l g ra m m a r malces a d is tin c tio n b etw ee n m a in clau ses a n d d e p e n d e n t cla u ses.
In cu rre n t tr a n s fo r m a tio n a l g ra m m a r as p resen ted b y R a d fo r d (1 9 8 8 ), th ree ty p e s o f cla u ses a re re c o g n iz e d (see (1 ) ). 
w h e th e r N P P R O a p p ro v e th e p r o je c tIn c o m p u ta tio n a l lin g u istics, th ere is n o sin gle answ er t o th e q u estio n o f w h a t a cla u se is, sin ce th is d e p e n d s o n th e p a rticu la r g ra m m a tica l th e o ry ch osen in a g iv e n c o m p u ta tio n a l fra m e w ork .
In o r d e r t o illu stra te o n e p a rticu la r a n d e x p licit n o tio n o f cla u se, o r m ore p r e cis e ly p r e d ic a tio n , in c o m p u ta tio n a l lin g u istics, I w ant to q u o te an in terestin g s tu d y b y H en ry K u 5 e ra (m s, 1 985) o n th e co m p u ta tio n a l a n a lysis o f p re d ica tio n a l str u c tu r e s in th e B r o w n C o rp u s.
H e c o n s id e rs a p r e d ic a tio n t o b e , first o f all, an y v e rb o r v e rb a l g r o u p w ith a ten sed v e rb th a t is s u b je c t t o c o n c o r d (fo r p e rso n an d n u m b e r) w ith its g r a m m a t ic a l s u b je c t . T h e s e v e rb a l c o n s tr u c tio n s h e calls finite p re d ica tio n s. In a d d itio n t o th a t, h e a ls o in clu d e s in his a n a lysis n o n -fin ite p re d ica tio n s, c o n sistin g o f in fin itiv a l c o m p le m e n ts , g e ru n d s a n d p a rticip le s. W h a t h e d id in his s tu d y w as to id e n tify a n d c la ss ify a ll th e p r e d ic a tio n s , w h ich w ere 145,287 in all th e 5 4 ,7 2 4 se n ten ces o f th e B r o w n C o rp u s .
T a b le 1 sh ow s fo r ea ch g e n re in th e co r p u s , th e m ean sen ten ce le n g th (w o rd s per se n te n ce ), sen ten ce c o m p le x ity (p r e d ic a tio n s p e r s e n te n c e ), a n d m e a n p re d ica tio n len g th (w o rd s p e r p r e d ic a tio n ).
T a b le 2 b e lo w sh ow s th a t w h erea s sen te n ce len g th varies a g re a t d e a l b e tw e e n a m ean o f 21 w o rd s p e r se n te n ce in in fo rm a tiv e p r o s e (I N F O ) a n d 13 w o r d s p e r sen ten ce in im a g in a tiv e p r o s e (I M A G ) , sen ten ce c o m p le x ity d o e s n o t v a ry th a t m u ch b e tw e e n gen res: 2 .8 0 versu s 2 .3 8 p re d ica tio n s p e r sen ten ce. T a b le 3 b e lo w sh o w s h o w th e fin ite (F ) a n d n o n -fin ite (N F ) p r e d ic a tio n s w ere d istrib u ted in th e gen res o f in fo rm a tiv e a n d im a g in a tiv e p rose. W h a t K u C era co n s id e rs as th e m a in resu lt o f his s tu d y is th e la ck o f co r r e la tio n b e tw een se n te n ce le n g th an d se n ten ce c o m p le x ity , a n d it is in d e e d su rp risin g . A n o t h e r fe a tu re o f m y d e fin itio n o f cla u se th a t w as u sed in parsin g cla u ses in u n re s tricte d t e x t, is th a t th e o p e n in g o f a n ew cla u se a lw ays im p lies th e closu re o f th e p re v io u s cla u se u n it, w h e th er o r n o t th is u n it is c o m p le te w ith s u b je c t an d p r e d ic a te , o r c o m p le te w ith r e sp e ct t o th e a rg u m en t s tru ctu re o f its p red ica te. T o illu stra te th is n o -n e s tin g o f cla u ses, th e sen ten ce in (2 ) . . . in E n g lish a w /^cla u se c a n b e aw ay fro m its n ou n (u su a lly i f n o o th e r n o u n in te rv en e s):
F in a lly th e m a n a rriv e d w h o m th e y h ad all c o m e to m eet.
In d e s c r ib in g se n te n ces, o n e ca n still sa y th a t th ere is a c o n s titu e n t, even F o r i f w e w ish t o c o n s tr u c t th e se n te n ce b y d efin in g a s u b je c t con stitu e n t a n d th e n n e x t t o it a v e rb (o r p r e d ic a te ) co n s titu e n t, w e are u n a b le to s p e c ify th e s u b je c t i f it is d is c o n tig u o u s , b e c a u s e w e ca n n o t s p e cify th e lo c a t io n o f th e s e c o n d p a rt (th e a d ju n c t at a d is ta n c e ). A t least w e ca n n o t s p e c ify th e lo c a t io n o f th e d ista n t a d ju n c t u n til w e h ave p la ce d th e v e r b c o n s titu e n t in re sp e ct t o th e s u b je c t ; b u t w e c a n n o t p l2 u;e th e v erb in re sp e ct t o th e s u b je c t as a sin gle e n tity unless th e s u b je c t has b een fu lly specified.^Â nd one can specify that it can be at a distance primarily if no noun intervenes.
To the extent that such problems did not arise, it would be possible to define sentence forms as short sequences of morpheme classes (or word classes), each class being expandable by a certain neighborhood of other classes (my emphasis EE).
T h e se n te n ce d iscu sse d in th e p a ssa g e a b o v e w o u ld b e p a rsed as in d ica te d in (6 ), g iv e n th e cla u se g ra m m a r o f E je rh e d (1 9 8 8 ).
(6) [Finally] [the m a n arrived] [whom they ha d all come to meet] T h e s e co n d rea son fo r th e h y p o th e s is th a t cla u ses d o n o t n est has t o d o w ith p e rfo rm a n ce c o n s id e r a tio n s , i.e. o b s e r v a tio n a l d a ta fr o m stu d ie s in p s y c h o lin g u istics a n d p h o n e tics.
F or a rev ie w o f th e cla u sa l h y p o th e s is in p s y ch o lin g u is tics a n d stu d ie s rela t in g to it, th e rea d er is referred t o F lo re s d ' A r c a is a n d S ch re u d er (1 9 8 3 :1 4 -1 9 ).
T h e y p resen t th e cla u sa l h y p o th e s is as a v ie w o f se n te n ce co m p r e h e n s io n th a t is ch a ra cte riz e d b y tw o m a jo r fea tu res. F irst, cla u ses are taken t o b e th e p rim a ry u n its o f n o rm a l sp eech p e r c e p tio n . In c o m in g m a teria l is o rg a n iz e d in im m e d ia te m e m o r y cla u se b y clau se; th e listen er o r rea d e r a ccu m u la te s e v id e n c e u n til th e en d o f a clau se. S eco n d , a t th e en d o f a cla u se , w o rk in g m e m o r y is cle a re d o f su rfa ce g ra m m a tica l in fo rm a tio n a n d th e co n te n t o f th e cla u se is re p re sen ted in a m o re a b stra ct form . T h e y p o in t o u t th a t th ese tw o m a jo r p r o p e r tie s o f th e h y p oth esis axe lo g ica lly in d e p e n d e n t. P h o n e tic e v id e n ce fo r th e se g m e n ta tio n o f sp e e ch (in p e r c e p tio n as w ell as p r o d u c tio n ) a t th e level o f cla u ses, as s tr u c tu r a lly d e fin e d u n its, w ill b e d is cu ssed in th e last s e ctio n o f th e p a p e r , a fter a p re s e n ta tio n a n d illu s tra tio n o f a stru ctu ra l d efin itio n o f S w edish clau ses.
A Swedish Clause Grammar
T h is g ra m m a r fo r S w edish cla u ses has th e sa m e s tru ctu ra l u n its as ta rg e ts as th e g ra m m a r fo r E n glish cla u ses in E je rh e d (1 9 8 8 ), m o d u lo th e d iffe re n ce b etw ee n th e tw o la n gu ages, i.e. fin ite (te n s e d ) cla u ses a n d in fin itival cla u ses in tr o d u c e d b y att are clau ses. In a d d itio n , th ere axe th ree ty p e s o f cla u se fra g m en ts : v e rb ph rase fra g m en ts, n o u n p h ra se fra g m e n ts a n d a d v e r b fra g m e n ts.
In an a p p e n d ix t o th is p a p e r, th ere is a S w edish n e w s p a p e r te x t fr o m A p r il 1984 w h ich has b e e n seg m en ted in to cla u ses a n d cla u se fra g m e n ts , la b e lle d to th e righ t a c c o r d in g t o th e ty p e o f u n it in th e g ra m m a r th a t th e y in sta n tia te . T h e ca teg ories th a t are criteria ! t o th e id e n tifica tio n o f a cla u se o r cla u se fra g m e n t 10.
ADV-fragment

11.
( • COORD is th e c a te g o r y o f c o o r d in a tin g c o n ju n c tio n s , och, eller, m en .
• NP is a n o n -r e c u r s iv e n o u n p h ra se co n sistin g o f a n y p re n o m in a l m od ifiers p lu s h ea d n o u n . NP d o e s n o t in c lu d e a n y p o s tn o m in a l m o d ifie rs. F or the c o n c e p t o f su ch a n o u n p h ra se as a p p lie d t o E n g lish , see C h u rch (1 9 8 8 ).
• NP' consists o f a non-recursive NP followed by postnominal modifiers that are non-clausal, i. • COMP is the category o f subordinating conjunctions, including a tt as infini tive marker.
• SADV is the category o f sentence adverbs, in te, ofta, aldrig.
• ADVP is the category o f adverbial phrases.
• PREP is the category o f prepositions.
E a ch o f th e regu la r ex p ression s 1 th r o u g h 11 c o n s titu te s ein a lte rn a tiv e d ef in ition o f cla u se o r cla u se fra g m e n t. T h e w a y th a t th ese a lte rn a tiv e d e fin itio n s in te ra ct in th e p r o c e s s in g o f a te x t is v e ry im p o r ta n t. In ca ses w h ere tw o o r m o r e a lte rn a tiv e a n a lyses c o m p e t e , th e regu lar e x p r e s s io n th at m a tc h e s th e lo n g e s t su b strin g wins. T h is c a n b e illu stra te d b y c o n s id e rin g h o w th e first se n te n ce o f th e te x t in th e a p p e n d ix is p ro ce s s e d . T h e sen te n ce is re p e a te d b e lo w w ith n u m b e rs in d ica tin g lin ea r p o s itio n s in th e strin g o f w ord s.
(7) 0 Allting 1 verkar 2 så NP VFIN
okontrollerat 4
T h e regu la r ex p ression 9, N P -fra g m e n t, m a tch e s th e s trin g o f w o r d s fr o m 0 to
1.
T h e regu lar exp ressio n 7, V P -fr a g m e n t, m a tch e s th e s trin g o f w o r d s fr o m 1 to 4.
T h e regu lar e x p ression 1, n on -in v e rte d m a in cla u se, m a tch e s th e s trin g o f w ord s from 0 t o 4. T h is is th e e x p ression th a t m a tch e s th e lo n g e st su b strin g , and it w in s ov e r th e a lte rn a tiv e a n a ly ses o f th e strin g fr o m 0 t o 4.
T h e sta tu s o f th e im p le m e n ta tio n o f th is p a r tic u la r cla u se g ra m m a r fo r
Sw edish is th a t it is in th e p ro ce s s o f b e in g im p le m e n te d . W h a t th a t m e a n s, is th a t I d o n o t y e t h a v e a ru n n in g p r o g r a m fo r S w edish th a t a u to m a tic a lly d e cid e s
th e lo c a tio n o f b o u n d a rie s b etw een cla u ses a n d cla u se fra g m e n ts in u n re s tricte d te x t. T h is is an a m b itio u s a n d lo n g ra n g e g o a l, a n b e fo re a n y m a tch in g a g a in st th e reg u la r ex p re ssio n s in th e g ra m m a r ca n tak e p la ce. T h e c a te g o r y la b e l a ssign ed t o a w o r d has t o b e th e o n e th a t is c o r r e c t fo r th e w o r d in its co n te x t o f o c c u r r e n c e .
A su ccessfu l a p p ro a ch t o th e p r o b le m o f a u to m a tic a lly a ssign in g u n iq u e a n d c o rre ct sy n ta c tic ca teg orie s 
t o E n g lish w o r d s in c o n te x t is p r o b a b ilis tic (C h u r c h 1988, D e R o s e 1988, E e g -O lo fs s o n 1 9 8 5 ). T h is is o n e o f sev era l a p p r o a c h e s th a t w ill b e a p p lie d to S w edish in th e c o n te x t o f a jo in t c o r p u s b a se d resea rch p r o je c t betw een th e u n iversities o f S to c k h o lm a n d U m e å (K ä llg r e n , E je r h e d ) th a t w ill
Phonetic Data concerning Clause Boundaries
T h e r e a re tw o recen t p h o n e t ic stu d ie s o f s p o k e n S w edish, b a se d o n record in g s o f se v era l d ifferen t sp ea k ers re a d in g th e sa m e te x ts a lou d . O n e is b y E v a S tran gert (S tr a n g e r t a n d Z h i 1989, S tra n g ert 1 9 8 9 ) a n d th e o th e r b y D ie te r H u b e r (1 9 8 8 ).
S tr a n g e r t's research p r o je c t , w h ich is still g o in g o n , stu d ies p e r c e iv e d pauses in 2 te x ts o f a to t a l o f 8 1 0 w o rd s rea d a lo u d b y 10 differen t spea k ers a t 3 differ
en t s p e e ch ra tes, a n d th e a c o u s tic a n d g ra m m a tica l p rop erties o f su ch pau ses.
T h e first o f th e tw o te x ts is id e n tica l t o th e te x t in th e a p p e n d ix o f th is p a p er.
A c o u s t ic a lly , a p e r c e iv e d p a u se ca n b e sign a lled in several differen t w ays: b y fi n al le n g th e n in g , a s p e c ia l fu n d a m e n ta l fre q u e n cy c o n to u r , silen ce, a n d /o r v o ic e q u a lity irreg u la ritie s. S tra n g e rt a n d Z h i (1 9 8 9 ) re p o rts fin din gs p rim a rily c o n ce r n in g th e se a c o u s tic p r o p e r tie s o f th e pa u ses p e rce iv e d b y tw o differen t ju d g e s .
S tra n g e rt (1 9 8 9 ) is a ls o co n c e r n e d w ith th e d istrib u tio n o f th e p e r c e iv e d pau ses in re la tio n t o th e fo llo w in g k in ds o f b o u n d a rie s: p a ra g ra p h , se n te n ce, cla u se and p h ra se.
U sin g th e d e fin itio n o f cla u se p resen te d in this p a p e r, I h a v e se g m en ted the tw o te x ts u sed in S tr a n g e r t's s tu d y a n d fo u n d th a t th e y c o n sist o f a to t a l o f 115 u n its th a t are cla u se s o r cla u se fra g m e n ts. T h e s tu d y o f H u b e r (1 9 8 8 ) is co n c e r n e d w ith in to n a tio n u n its in r e co rd in g s o f 3 n e w sp a p e r te x ts read a lo u d b y 4 differen t sp ea k ers o f S w ed ish , a to t a l o f 2.2 h ou rs o f co n n e c te d sp e e ch . H e d efin es th e c o n c e p t o f in to n a tio n u n it in p u r e ly a co u stica l te rm s, rela te d t o fu n d a m e n ta l fr e q u e n c y o n ly , a n d d ev ises a m e t h o d o f a u to m a tic a lly se g m e n tin g co n n e c te d sp e ech in to su ch in to n a tio n u n its. T h e a d v a n ta g e o f th is se g m e n ta tio n p r o c e d u r e is th a t it m ak es n o re fe re n ce t o e ith e r h igh er level lin g u istic in fo rm a tio n c o n c e r n in g sy n ta x , o r t o lo w e r level p h y s io lo g ica l in fo r m a tio n c o n c e r n in g p a u sin g , b re a th in g , p h o n a tio n o n s e t o r offse t e tc.
H e a rrives a t a to t a l o f 1664 in to n a tio n u n its in th e a c c u m u la te d te x t m a te ri al (3 te x ts , 4 sp ea k ers). T a b le 5 sh ow s th e g r a m m a tic a l co rre la te s o f th e 1664 in to n a tio n u n its, a v eraged a cross fo u r spea k ers a n d th re e te x ts . F o r th e e x a c t d e fin ition s o f th e g ra m m a tica l u n its, see H u b e r (1 9 8 8 :7 8 ). O f in terest h ere is th a t h e defines as sen ten ces " g ra p h ic sen ten ces th a t b e g in w ith a c a p ita l le tte r a n d en d w ith a fu ll s to p (o r so m e o th e r m a rk o f ' fin a l' p u n c t u a t io n )" . A n d he defines as clau ses " units o f lin g u istic o rg a n is a tio n sm a lle r th a n th e se n te n ce a n d con sistin g o f a t least o n e s u b je c t a n d o n e fin ite v e r b " . fragm en t (R u le 1 1 ), a n d th ese th ree c a te g o rie s to g e th e r a c c o u n t fo r 6 0 % o f all in to n a tio n u n its. It is a lso lik ely th a t su b je c t c o r r e s p o n d s t o N P -fr a g m e n t, a n d verbphrase t o V P -fr a g m e n t o n th e b a sis o f th e illu stra tiv e e x a m p le s o f th ese ca teg o rie s in H u b e r (1 9 8 8 :8 3 -8 5 ). I f s o , c lo s e t o 7 0 % o f H u b e r 's in to n a tio n u n its w ou ld c o rre s p o n d t o a cla u se o r cla u se fra g m e n t in th e sen se o f th e p re sen t p a p e r.
In o rd e r t o esta b lish th e e x a c t e x te n t t o w h ich th e n o tio n s o f cla u se a n d cla u se fra gm en t p r o p o s e d h ere c o rre la te w ith th e in to n a tio n u n its fo u n d in H u b e r ' s stu dy, a sep a ra te s tu d y is b e in g u n d erta k en in c o lla b o r a tio n w ith H u b e r. 
Text A1
T h e te x t is d iv id e d in to p a ra g ra p h s b y co n s e c u tiv e n u m b erin g . T h e p a ra g ra p h s a re d iv id e d in to o r th o g r a p h ic sen te n ces b y sen ten ce fin al p u n ctu a tio n m arks.
T h e se n te n ces a re d iv id e d in to n o n -re cu rs iv e clau ses o r cla u se fra g m en ts m arked b y [ ], a n d ea ch su ch u n it is la b e lle d a c c o r d in g to th e S w edish cla u se g ra m m a r p re se n te d in th is p a p er. 
